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NICKEL - MANGANESE COMPOSITE of the nickel - manganese composite hydroxide Ni Mn1 - x 
OXYHYDROXIDE , ITS PRODUCTION ( OH ) 2 wherein xs1 / 3 is dried . 
METHOD , AND ITS APPLICATION As mentioned above , a nickel - manganese composite 

hydroxide having a relatively high manganese content is 
TECHNICAL FIELD 5 unstable in the air , and in such a composite hydroxide , the 

Mn component segregates even though it is a coprecipitate . 
The present invention relates to a nickel - manganese com - The object of the present invention is to provide a 

posite oxyhydroxide , its production method , and its appli nickel - manganese composite oxyhydroxide which is a com 
cation . Particularly , it relates to a nickel - manganese com posite compound of nickel and manganese , which is stable 
posite oxyhydroxide . its production method . a lithium - 10 in the air and in which the manganese component will not 
nickel - manganese composite oxide obtained by using the segregate in e . g . coprecipitating , washing and drying steps . 
composite oxyhydroxide , and a lithium secondary battery Further , another object of the present invention is to 

provide a lithium - nickel - manganese composite oxide using using the composite oxide as a cathode . the nickel - manganese composite oxyhydroxide and to pro 
BACKGROUND ART 15 vide a lithium secondary battery using the lithium - nickel 

manganese composite oxide as a cathode . 
A spinet structure lithium - nickel - manganese composite Solution to Problem oxide attracts attention as a cathode active material for a 5 

V class lithium secondary battery . 20 The present inventors have conducted extensive studies 
A lithium - nickel - manganese composite oxide has a super - on a precursor of a lithium - nickel - manganese composite 

lattice structure in which nickel and manganese are regularly oxide . As a result , they have found that an oxyhydroxide 
aligned . having a specific structure analogous to the structure of a 

As a method for producing a lithium - nickel - manganese hydroxide is stable in the air even when it has a relatively 
composite oxide , a solid phase reaction method of mixing a 25 high Mn chemical composition , and when it is stored for a 
nickel source and a manganese source and firing the mixture , long time or when it is dried , manganese oxide ( Mn302 ) will 
or a production method using a composite hydroxide or not form as a by - product , and further , the Mn component 
composite oxyhydroxide containing nickel and manganese will not segregate in it , and it has high metal element 
as a precursor may be mentioned . A composite hydroxide or dispersibility . The present inventors have found that a 
composite oxyhydroxide containing nickel or manganese , in 30 lithium secondary battery using as a cathode a lithium 
which metals are more uniformly distributed , is considered nickel - manganese composite oxide obtained from the 
as a preferred precursor assuming regular alignment of nickel - manganese composite oxyhydroxide as a precursor 
nickel and manganese . has a low 4 V potential plateau and has high performance 

particularly in the energy density , and accomplished the 
nese composite oxide , a nickel - manganese composite 35 present invention . 
hydroxide obtained by a coprecipitation method under an That is , the present invention provides the following . 
inert atmosphere has been disclosed ( Patent Document 1 and ( 1 ) A nickel - manganese composite oxyhydroxide having a 
Non - Patent Document 1 ) . chemical compositional formula represented by 

Ni ( 0 . 25 + q ) - 2M1 , Mn 0 . 75 - ) - , M2 , 00H ( wherein each of 
PRIOR ART DOCUMENTS 40 M1 and M2 which are independent of each other , is at 

least one member selected from the group consisting of 
Patent Document Mg , Al , Ti , V , Cr , Fe , Co , Cu , Zn and Zr , Osxs0 . 1 , 

Osys0 . 25 , and - 0 . 025sas0 . 025 ) , and having a hexagonal 
Patent Document 1 : JP - A - 2011 - 153067 cadmium hydroxide type crystal structure . 

45 ( 2 ) The nickel - manganese composite oxyhydroxide accord 
Non - Patent Document ing to the above ( 1 ) , wherein a is 0 . 

( 3 ) The nickel - manganese composite oxyhydroxide accord 
Non - Patent Document 1 : F . Zhou et al . , Chem . Mater . 2010 , ing to the above ( 1 ) or ( 2 ) , wherein the average valence 

22 , 1015 - 1021 of Ni , Mn , M1 and M2 is from 2 . 8 to 3 . 1 . 
50 ( 4 ) The nickel - manganese composite oxyhydroxide accord 

DISCLOSURE OF INVENTION ing to any one of the above ( 1 ) to ( 3 ) , which has an 
average particle size of from 5 to 20 um . 

Technical Problem ( 5 ) A method for producing the nickel - manganese composite 
oxyhydroxide as defined in any one of the above ( 1 ) to ( 4 ) , 

In Patent Document 1 , a problem is pointed out such that 55 which comprises mixing the following aqueous metal salt 
when a nickel - manganese - iron based composite metal solution , an aqueous caustic soda solution and the fol 
hydroxide is stored for a long term as a wet cake prepared lowing oxidizing agent at a pH of from 8 . 5 to 10 to obtain 
by solid - liquid separation from a coprecipitation slurry , a mixed aqueous solution and precipitating the nickel 
manganese oxide ( Mn304 ) forms as a by - product . Further , a manganese composite oxyhydroxide in the mixed aque 
problem is pointed out such that if a composite metal 60 ous solution : 
hydroxide containing Mn204 as a by - product and a lithium aqueous metal salt solution : an aqueous metal salt solu 
compound are mixed and fired , the formed product lithium tion containing nickel and manganese or an aqueous metal 
composite metal oxide has a non - uniform composition , and salt solution containing nickel and manganese and further 
performance of a battery using such a lithium composite containing at least one member selected from the group 
metal oxide is insufficient . 65 consisting of Mg , Al , Ti , V , Cr , Fe , Co , Cu , Zn and Zr ; 

Further , Non - Patent Document 1 discloses that manga - oxidizing agent : an oxygen - containing gas or an aqueous 
nese oxide ( Mn204 ) forms as a by - product when a wet cake hydrogen peroxide solution . 
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( 6 ) The production method according to the above ( 5 ) , FIG . 20 is a scanning electron microphotograph of the 
wherein a complexing agent is further added . nickel - manganese composite oxyhydroxide in Example 1 . 

( 7 ) The production method according to the above ( 6 ) , FIG . 21 is a particle size distribution curve of the nickel 
wherein the complexing agent is ammonia , an ammonium manganese composite oxyhydroxide in Example 1 . 
salt or an amino acid . 5 FIG . 22 is a scanning electron microphotograph of the 

( 8 ) A lithium - nickel - manganese composite oxide , which is nickel - manganese composite oxyhydroxide in Example 5 . 
obtained by mixing the nickel - manganese composite oxy FIG . 23 is a scanning electron microphotograph of the 
hydroxide as defined in any one of the above ( 1 ) to ( 4 ) nickel - manganese composite oxyhydroxide in Example 6 . 
with a lithium compound and subjecting the mixture to FIG . 24 is a scanning electron microphotograph of the 
heat treatment . nickel - manganese composite oxyhydroxide in Example 11 . 

( 9 ) A lithium secondary battery , which uses the lithium FIG . 25 is a scanning electron microphotograph of the 
nickel - manganese composite oxide as defined in the nickel - manganese composite oxyhydroxide in Example 12 . 
above ( 8 ) as a cathode active material . FIG . 26 is a scanning electron microphotograph of the 

16 lithium - nickel - manganese composite oxide in Example 7 . Advantageous Effects of Invention FIG . 27 is a charge and discharge curve ( 2 to 4 cycles ) of 
The nickel - manganese composite oxyhydroxide of the the the lithium - nickel - manganese composite oxide in Example 

present invention is stable in the air , manganese oxide 
( Mn204 ) will not form as a by - product when it is stored for FIG . 28 is a diagram illustrating the charge and discharge 
a long time or when it is dried , and further , the Mn 20 cycle performance in Example 7 ( 1 to 30 cycles ) . 
component will not segregate in it , it has high metal element FIG . 29 is a scanning electron microphotograph of the 
dispersibility , and it is useful as a precursor of a lithium lithium - nickel - manganese composite oxide in Example 8 . 
nickel - manganese composite oxide used as a cathode of a FIG . 30 is a charge and discharge curve ( 2 to 4 cycles ) of 
lithium secondary battery . the lithium - nickel - manganese composite oxide in Example 

25 8 . 
BRIEF DESCRIPTION OF DRAWINGS FIG . 31 is a diagram illustrating the charge and discharge 

cycle performance in Example 8 ( 1 to 30 cycles ) . 
FIG . 1 is an XRD pattern of the nickel - manganese com 

posite oxyhydroxide in Example 1 . DESCRIPTION OF EMBODIMENTS 
FIG . 2 is an XRD pattern of the nickel - manganese com - 30 

posite oxyhydroxide in Example 2 . The nickel - manganese composite oxyhydroxide of the 
FIG . 3 is an XRD pattern of the nickel - manganese com present invention has a chemical compositional formula 

posite oxyhydroxide in Example 3 . represented by Ni 0 . 25 + q ) - - M1 Mn0 . 75 - ) _ „ M2 , 00H 
FIG . 4 is an XRD pattern of the nickel - manganese com ( wherein each of M1 and M2 which are independent of each 

posite oxyhydroxide in Example 4 . 35 other , is at least one member selected from the group 
FIG . 5 is an XRD pattern of the nickel - manganese com - consisting of Mg , Al , Ti , V , Cr , Fe , Co , Cu , Zn and Zr , 

posite oxyhydroxide in Example 5 . Osxs0 . 1 , Osys0 . 25 , and - 0 . 025sas0 . 025 ) . 
FIG . 6 is an XRD pattern of the nickel - manganese com In the above chemical compositional formula , 

posite oxyhydroxide in Example 6 . Ni + M1 = 0 . 25 + 0 . 025 and Mn + M2 = 0 . 75 + 0 . 025 , and if they 
FIG . 7 is an XRD pattern of the lithium - nickel - manganese 40 are out of such ranges , the chemical compositional formula 

composite oxide in Example 7 ( arrows in the drawing deviates from formal valences of Ni2 + and Mn4 + , and the 
represent superlattice peaks ) . battery capacity in the vicinity of 5 V ( Li metal anode basis ) 

FIG . 8 is an XRD pattern of the lithium - nickel - manganese decreases . Particularly , Ni + M1 is preferably 0 . 25 + 0 . 01 , and 
composite oxide in Example 8 ( arrows in the drawing Mn + M2 is preferably 0 . 75 + 0 . 01 . 
represent superlattice peaks ) . 45 Further , in the above chemical compositional formula , a 

FIG . 9 is an XRD pattern of the nickel - manganese com is - 0 . 025sas0 . 025 , and if a is within such a range , the 
posite oxyhydroxide in Example 9 . chemical compositional formula deviates from formal 

FIG . 10 is an XRD pattern of the nickel - manganese valences of Ni2 + and Mn + + , and the battery capacity in the 
composite oxyhydroxide in Example 10 . vicinity of 5 V ( Li metal anode basis ) decreases . a is 

FIG . 11 is an XRD pattern of the nickel - manganese 50 preferably 0 ( Ni : Mn = 0 . 25 : 0 . 75 ( molar ratio ) ) . 
composite oxyhydroxide in Example 11 . The nickel - manganese composite oxyhydroxide of the 

FIG . 12 is an XRD pattern of the nickel - manganese present invention exhibits sufficient effects even if there is 
composite oxyhydroxide in Example 12 . no dissimilar metal ( x = 0 and y = 0 ) , however , by substitution 

FIG . 13 is an XRD pattern of the magnesium - substituted with dissimilar metals ( M1 , M2 ) , improvement in the battery 
nickel - manganese composite oxyhydroxide in Example 13 . 55 performance particularly in the stability of the charge and 

FIG . 14 is an XRD pattern of the iron - substituted nickel discharge cycle and an effect to suppress elution of Mn can 
manganese composite oxyhydroxide in Example 14 . be expected . However , if the amount of the dissimilar metals 

FIG . 15 is an XRD pattern of the cobalt - substituted is too large , the degree of order of Ni - Mn ordered align 
nickel - manganese composite oxyhydroxide in Example 15 . ment in the spinel sublattice decreases , and the battery 

FIG . 16 is an XRD pattern of the copper - substituted 60 capacity in the vicinity of 5 V ( Li metal anode basis ) 
nickel - manganese composite oxyhydroxide in Example 16 . decreases . Accordingly , it is preferred that Osxs0 . 1 and 

FIG . 17 is an XRD pattern of the nickel - manganese Osys0 . 25 , and it is more preferred that Osxs0 . 05 or 
composite compound in Comparative Example 1 . Osys0 . 1 . 

FIG . 18 is an XRD pattern of the nickel - manganese The amount of substitution with dissimilar metal relative 
composite compound in Comparative Example 2 . 65 to Ni is preferably small so as to maintain the degree of order 

FIG . 19 is an XRD pattern of the nickel - manganese of Ni - Mn ordered alignment in the spinel sublattice and the 
composite compound in Comparative Example 3 . battery capacity in the vicinity of 5 V ( Li metal anode basis ) . 
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As a preferred specific chemical composition of the distribution . In the case of a monodispersed i . e . monomodal 
nickel - manganese composite oxyhydroxide of the present particle size distribution , a resulting cathode has a uniform 
invention , Nic . 25Mn0 . 750OH , Ni . . 25Mn0 . 65Ti0 . 1000H , particle size and thus a more uniform charge and discharge 
Nio . 20F20 . 05Mn0 . 75OOH Ni . . 23 Mgo . 02 Mno . 750OH , reaction will be achieved . 
Ni0 . 225Mgo . 025Mn0 , 750OH , Ni0 . 225CO0 . 05Mn0 . 72500H 5 The nickel - manganese composite oxyhydroxide of the 
( Nio . 225C00 . 025Mn0 . 725C00 . 025OOH ) , or present invention has a chemical compositional formula 
Ni . . 23Zn0 . 02Mn0 , 75OOH may , for example , be mentioned . represented by Ni ( 0 . 25 + Q ) - M1 , Mn ( 0 . 75 - a ) - , M2 , 00H Among them , Ni . . 25Mn0 . 750OH is preferred . ( wherein each of M1 and M2 which are independent of each The nickel - manganese composite oxyhydroxide of the other , is at least one member selected from the group present invention is an oxyhydroxide having a hexagonal 10 consisting of Mg , A1 , Ti , V , Cr , Fe , Co , Cu , Zn and Zr , cadmium hydroxide type crystal structure . Whereas , for Osxs0 . 1 , Osys0 . 25 , and - 0 . 025sas0 . 025 ) . example , an a nickel hydroxide type structure is likely to The nickel - manganese composite oxyhydroxide of the include anions which may be impurities such as SO4 , since 
the space between transition metal layers is relatively wide . present invention may contain , for example , an alkali metal 
A cadmium hydroxide type crystal structure is preferred 15 15 such as Mg , Ca , Na or K or an alkaline earth metal in 
since anions will not be included in between the transition addition to the elements contained in the chemical compo 
metal layers . sitional formula within a range not to impair the effects . The 

The cadmium hydroxide type structure is a crystal struc - amount of such metals such as Mg is preferably as small as 
ture in which hydroxide ions are disposed to positions of possible , however , if such components are contained in an 
iodine ions in a hexagonal cadmium iodide type structure , 20 appropriate amount , an effect of improving the cycle per 
and hydroxide ions are disposed in a substantial hexagonal formance is obtained in some cases . However , if the content 
closest packing structure , and metal ions are positioned in of such metals exceeds 1 , 000 ppm , problems arise such that 
gaps of octahedral six - coordinate in every other layer in the the 4 V potential plateau capacity increases and the energy 
c - axis direction . density is impaired . Accordingly , their content is preferably 

In the crystal structure of the nickel - manganese composite 25 at most 1 , 000 ppm , more preferably from 20 to 1 , 000 ppm , 
oxyhydroxide of the present invention , metal ions such as further preferably from 200 to 1 , 000 ppm , particularly 
nickel , manganese , M1 and M2 are positioned instead of preferably from 300 to 600 ppm . 
cadmium ions in the cadmium hydroxide type structure . Now , the method for producing the nickel - manganese 

The tap density of the nickel - manganese composite oxy - composite oxyhydroxide of the present invention will be 
hydroxide of the present invention is preferably at least 1 . 0 30 described . 
g / cm " , more preferably at least 1 . 5 g / cm " , particularly The nickel - manganese composite oxyhydroxide of the 
preferably at least 2 . 0 g / cm " , since the packing efficiency of present invention is produced by mixing an aqueous metal 
the cathode active material in the electrode influences the salt solution containing nickel and manganese , or nickel , 
energy density . It is most preferably from 1 . 7 to 2 . 2 g / cm " . manganese and at least one member selected from the group 
When the tap density is at least 1 . 0 g / cm " , the packing 35 consisting of Mg , A1 , Ti , V , Cr , Fe , Co , Cu , Zn and Zr , an 

efficiency of the lithium - nickel - manganese composite oxide aqueous caustic soda solution and an oxygen - containing gas 
obtained from the nickel - manganese composite oxyhydrox - or an aqueous hydrogen peroxide solution as an oxidizing 
ide of the present invention as a material tends to be high . agent at a pH of from 8 . 5 to 10 to obtain a mixed aqueous 

The nickel - manganese composite oxyhydroxide of the solution and precipitating the nickel - manganese composite 
present invention has a theoretical average valence of tri - 40 oxyhydroxide in the mixed aqueous solution to obtain a 
valent , and the average valence of Ni , Mn , M1 and M2 in the slurry . 
chemical compositional formula is preferably from 2 . 8 to The aqueous metal salt solution contains at least nickel 
3 . 1 , more preferably from 2 . 9 to 3 . 0 . Here , the average and manganese and may contain at least one member 
valence is determined by iodometry . The theoretical average selected from the group consisting of Mg , A1 , Ti , V , Cr , Fe , 
valency is in accordance with the formal oxidation number . 45 Co , Cu , Zn and Zr . 

The specific surface area of the nickel - manganese com - The aqueous metal salt solution may , for example , be an 
posite oxyhydroxide of the present invention is not particu - aqueous solution having a sulfate , a chloride , a nitrate , an 
larly limited , and is preferably at most 70 m² / g , whereby a acetate or the like containing nickel and manganese and 
high packing efficiency tends to be obtained , more prefer - further containing another predetermined metal dissolved 
ably at most 50 m g , particularly preferably at most 35 50 therein , or an aqueous solution having nickel and manganese 
m?lg , most preferably at most 10 m - / g . Particularly , it is very and further another predetermined metal dissolved in an 
preferably from 5 to 35 m² / g . inorganic acid such as sulfuric acid , hydrochloric acid or 

In general , the packing efficiency and the specific surface nitric acid or an organic acid such as acetic acid . As a 
area correlate with each other , and a powder with a high preferred aqueous metal salt solution , an aqueous solution 
packing efficiency tends to be obtained when the specific 55 containing nickel sulfate and manganese sulfate may be 
surface area is lower . mentioned . 

The average particle size of the nickel - manganese com - Further , the proportion of nickel , manganese and another 
posite oxyhydroxide of the present invention is preferably predetermined metal in the aqueous metal salt solution is set 
from 5 to 20 um , more preferably from 5 to 10 um , whereby to achieve the desired proportion of nickel , manganese and 
the electrode is easily formed . Further , the average particle 60 another predetermined metal in the nickel - manganese com 
size is an average particle size of secondary particles having posite oxyhydroxide to be obtained 
primary particles agglomerated , i . e . the so - called agglom - The proportion of nickel , manganese and another prede 
erated particle size . termined metal in the aqueous metal salt solution may be , by 

The particle size distribution of the nickel - manganese molar ratio , Ni + M1 : Mn + M2 = 0 . 25 + a : 0 . 75 - Q , Ni : M1 = 
composite oxyhydroxide of the present invention is not 65 ( 0 . 25 + a ) - x : x , Mn : M2 = ( 0 . 75 - a ) - y : y ( each of M1 and M2 
particularly limited , and may , for example , be monodis - which are independent of each other , is at least one member 
persed particle size distribution or bimodal particle size selected from Mg , Al , Ti , V , Cr , Fe , Co , Cu , Zn and Zr , 
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Osxs0 . 1 , Osys0 . 25 , and - 0 . 025sas0 . 025 ) . The predeter aqueous caustic soda solution may be carried out continu 
mined ranges and the like of a , x and y are as mentioned ously or may be carried out intermittently . The aqueous 
above . alkali solution other than the aqueous caustic soda solution 

The total concentration ( metal concentration ) of all the may , for example , be an aqueous solution of an alkali metal 
metals such as nickel and manganese in the aqueous metal 5 such as potassium hydroxide or lithium hydroxide . Further , 
salt solution is optional , however , since the metal concen - the alkali concentration in the aqueous alkali solution may 
tration influences the productivity , it is preferably at least 1 . 0 be at least 1 mol / L , and is preferably from 1 to 10 mol / L . 
mol / L , more preferably at least 2 . 0 mol / L . In production of the nickel - manganese composite oxyhy 

The aqueous caustic soda solution is an aqueous sodium droxide of the present invention , a complexing agent may be 
hydroxide solution , and it may , for example , be an aqueous 10 added . When a complexing agent coexists , the solubility of 
solution having solid sodium hydroxide dissolved in water nickel ions will increase , the particle surface tends to be 
or an aqueous sodium hydroxide solution formed by salt smooth , and the sphericity will improve . As a result , the tap 
electrolysis , having its concentration adjusted with water . density will improve , such being advantageous . 

The concentration of the aqueous caustic soda solution is The complexing agent is suitably ammonia , an ammo 
preferably from 10 to 48 wt % , more preferably from 15 to 15 nium salt or an amino acid . 
25 wt % . The ammonia may , for example , be an aqueous ammonia 

The oxidizing agent is an oxygen - containing gas or an solution . 
aqueous hydrogen peroxide solution . In a case where the The ammonium salt may , for example , be ammonium 
oxidizing agent is not an oxygen - containing gas or an sulfate , ammonium chloride , ammonium nitrate or ammo 
aqueous hydrogen peroxide solution , for example , in a case 20 nium carbonate , and is particularly preferably ammonium 
where sodium persulfate or sodium chlorate is used , no sulfate . 
desired oxyhydroxide will be obtained . The oxygen - contain The amino acid may , for example , be glycine , alanine , 
ing gas may , for example , be air or oxygen . Air is most asparagine , glutamine or lysine , and is particularly prefer 
preferred in view of economical efficiency . A gas such as air a bly glycine . 
or oxygen is added by bubbling with e . g . a bubbler . 25 The complexing agent is preferably fed together with the 
Whereas , the aqueous hydrogen peroxide solution may be aqueous metal salt solution . The concentration is , in the case 
mixed with the aqueous metal salt solution and the aqueous of ammonia or the ammonium salt , preferably from 0 . 1 to 2 , 
caustic soda solution . The concentration of the aqueous more preferably from 0 . 5 to 1 by the molar ratio of NH ! 
hydrogen peroxide solution may be from 3 to 30 wt % , transition metal . In a case where the amino acid is used , the 
preferably from 3 to 10 wt % . 30 concentration is preferably from 0 . 001 to 0 . 25 , more pref 
By mixing the aqueous metal salt solution , the aqueous erably from 0 . 005 to 0 . 1 by the molar ratio of the amino 

caustic soda solution and the oxygen - containing gas or the acid / transition metal . 
aqueous hydrogen peroxide solution as the oxidizing agent Production of the nickel - manganese composite oxyhy 
at a pH of from 8 . 5 to 10 , a mixed aqueous solution is droxide of the present invention is not necessarily carried 
obtained . The nickel - manganese composite oxyhydroxide of 35 out in a controlled atmosphere and may be carried out in a 
the present invention is precipitated in the mixed aqueous usual air atmosphere . 
solution and is obtained as a slurry . If the pH exceeds 10 , the The method for producing the nickel - manganese compos 
obtained nickel - manganese composite oxyhydroxide will ite oxyhydroxide may be carried out either by a batch 
have a crystal phase other than the cadmium hydroxide type method or by a continuous method . In the case of a batch 
structure and tends to be in the form of fine particles . Such 40 method , the mixing time is optional . It may , for example , be 
fine particles have low filtration / washing efficiency , thus from 3 to 48 hours , further from 6 to 24 hours . On the other 
remarkably lowering the production efficiency . On the other hand , in the case of a continuous method , the average 
hand , if the pH is less than 8 . 5 , the crystal phase will not be retention time over which the nickel - manganese composite 
the cadmium hydroxide type structure but will be a mixed oxyhydroxide particles stay in the reactor is preferably from 
phase of an a oxyhydroxide and a spinel oxide , and the 45 1 to 30 hours , more preferably from 3 to 20 hours . 
desired nickel - manganese composite oxyhydroxide is less In the method for producing the nickel - manganese com 
likely to be precipitated . The pH is preferably from 9 to 10 posite oxyhydroxide of the present invention , after the 
so as to produce the desired product with a high production nickel - manganese composite oxyhydroxide is precipitated , 
efficiency . it is preferred that the obtained slurry is subjected to filtra 

The temperature at which the aqueous metal salt solution , 50 tion and the cake is washed and dried . 
the aqueous caustic soda solution and the oxidizing agent are Washing is carried out so as to remove impurities attached 
mixed is not particularly limited , however , in order that the to or adsorbed on the nickel - manganese composite oxyhy 
oxidizing reaction of the aqueous metal salt solution is likely d roxide . As the washing method , the nickel - manganese 
to proceed and the nickel - manganese composite oxyhydrox - composite oxyhydroxide may be added to water ( for 
ide is more likely to be precipitated , it is preferably at least 55 example , pure water , running water or river water ) , followed 
50° C . , more preferably at least 60° C . , particularly prefer - by stirring . 
ably from 60 to 70° C . Drying is carried out to remove moisture in the nickel 

The temperature at the time of mixing may be at least 80° manganese composite oxyhydroxide . The drying method 
C . depending upon the after - mentioned complexing agent may be a method of drying the nickel - manganese composite 
used , however , it is preferably the above - mentioned low 60 oxyhydroxide at from 110 to 150° C . for from 2 to 15 hours . 
temperature in view of the production process . Drying is carried out e . g . by a convection heating drying 

The pH may vary by mixing of the aqueous metal salt or radiant heating drying apparatus . 
solution , the aqueous caustic soda solution and the oxidizing In the production method of the present invention , after 
agent in some cases . In such a case , the pH may be adjusted the nickel - manganese composite oxyhydroxide is washed 
by properly mixing an aqueous alkali solution other than the 65 and dried , it may be pulverized . 
aqueous caustic soda solution with the mixed aqueous Pulverization may be carried out to obtain a powder 
solution . Mixing of the aqueous alkali solution other than the having an average particle size suitable for the application . 
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The pulverization conditions are optional so long as the the present invention with an electrically conductive mate 
desired average particle size can be obtained , and for rial is formed into pellets , which are vacuum dried at from 
example , wet pulverization or dry pulverization may , for 100 to 200° C . , preferably from 150 to 200° C . , and an anode 
example , be mentioned . consisting of a metal lithium foil , and an electrolytic solution 

The nickel - manganese composite oxyhydroxide of the 5 having lithium hexafluorophosphate dissolved in a mixed 
present invention has high dispersibility of the metal ele solvent of ethylene carbonate and diethyl carbonate , may be 
ment and may be used for production of the lithium - nickel mentioned 
manganese composite oxide . 

In a case where the lithium - nickel - manganese composite 
EXAMPLES oxide is produced by using the nickel - manganese composite 10 

oxyhydroxide of the present invention as a material , its 
production method preferably comprises a step ( mixing Now , the present invention will be described in further 
step ) of mixing the nickel - manganese composite oxyhy - detail with reference to Examples . However , it should be 
droxide with at least one member selected from the group understood that the present invention is by no means 
consisting of lithium and a lithium compound and a step 15 restricted thereto . 
( firing step ) of subjecting the mixture to heat treatment . < Measurement of Chemical Composition > 

The mixing ratio of the lithium material to the nickel The composition of the composite oxyhydroxide ( com manganese composite oxyhydroxide used for production of 
the lithium - nickel - manganese composite oxide of the pres posite compound ) was analyzed by inductively - coupled 
ent invention is preferably from 0 . 50 to 0 . 55 . more prefer - 20 plasma spectrometry ( ICP method ) . That is , the composite 
ably from 0 . 51 to 0 . 53 by the lithium / transition metal molar oxyhydroxide was dissolved in a mixed solution of hydro 

chloric acid and hydrogen peroxide to prepare a measure ratio . 
Further , mixing may be carried out by dry mixing or wet ment solution . The obtained measurement solution was 

mixing , however , the method is optional . Dry mixing may , analyzed by an inductively - coupled plasma spectrometer 
( tradename : OPTIMA3000DV , manufactured by PERKIN for example , be mixing by a Henschel mixer . 

In the mixing step , the lithium compound may be any ELMER ) to determine the chemical composition . 
optional one . The lithium compound may , for example , be < Measurement of Metal Valence > 
preferably at least one member selected from the group The average valence of metals such as nickel and man 
consisting of lithium hydroxide , lithium oxide , lithium car ganese was measured by iodometry . 0 . 3 g of the composite 
bonate , lithium iodide , lithium nitrate , lithium oxalate and 30 oxyhydroxide and 3 . 0 g of potassium iodide were dissolved 
an alkyl lithium . As a preferred lithium compound , at least in 50 ml of 7N - hydrochloric acid solution and neutralized 
one member selected from the group consisting of lithium with 200 ml of a 1N - NaOH solution . A 0 . 1N - aqueous 
hydroxide , lithium oxide and lithium carbonate may , for sodium thiosulfate solution was dropwise added to the 
example , be mentioned . neutralized sample solution , and the average valence was 

In the firing step , after the respective materials are mixed , 35 calculated from the amount added dropwise . As the indica 
the mixture is fired by a muffle electric furnace or the like to tor , a starch solution was used . 
produce the lithium - nickel - manganese composite oxide . Fir < Powder X - Ray Diffraction Measurement > ing may be carried out at a temperature of from 500 to 
1 , 000° C . , preferably from 800 to 1 , 000° C . , in an atmo - The powder X - ray diffraction measurement of the sample 
sphere such as in the air or in oxygen . 40 was carried out using an X - ray diffraction apparatus ( trade 

The obtained lithium - nickel - manganese composite oxide name : MXP - 3 , manufactured by MacScience ) . Measure 
may be used as a cathode active material of a lithium ment was carried out using as the radiation source Cuka 
secondary battery . rays ( a = 1 . 5405 Å ) with a step scanning as the measurement 

As an anode active material used for the lithium second - mode under scanning conditions of 0 . 04° per second for a 
ary battery of the present invention , a substance capable of 45 measurement time of 3 seconds within a measurement range 
absorbing and desorbing lithium metal , lithium or lithium 20 of from 50 to 100° . 
ions may be used . It may , for example , be a lithium / < Identification of Crystal Phase > 
aluminum alloy , a lithium / tin alloy , a lithium / lead alloy or a The crystal phase having a hexagonal cadmium hydroxide carbon material capable of electrochemically inserting and structure was confirmed by the XRD pattern obtained by releasing lithium ions . Among them , a carbon material 50 XRD measurement under the above conditions having a capable of electrochemically inserting and releasing lithium sharp peak at 20 – 19 . 0 + 0 . 5º and having broad XRD peaks at ions is particularly suitably used in view of the safety and 36 . 9 + 1 . 5° , 48 . 0 + 3 . 5° , 62 . 0 + 5 . 0° and 65 . 0 + 5 . 09 . Broad peaks battery properties . other than the lowest angle peak are due to influence of the The electrolyte used for the lithium secondary battery of stacking fault . the present invention is not particularly limited and may , for 55 
example , be one having a lithium salt dissolved in an organic < Measurement of Particle Size Distribution and Average 
solvent such as a carbonate , a sulfolane , a lactone or an Particle Size > 
ether , or a lithium ion - conductive solid electrolyte may be 0 . 5 g of the composite oxyhydroxide was poured into 50 
used . Among them , a carbonate is preferred . mL of a 0 . 1N aqueous ammonia solution and irradiated with 

The separator used for the lithium secondary battery of 60 ultrasonic waves for 10 seconds to prepare a dispersed 
the present invention is not particularly limited , and may , for slurry . The dispersed slurry was charged into a particle size 
example , be a fine porous film made of e . g . a polyethylene distribution measuring apparatus ( tradename : Microtrac 
or a polypropylene may be used HRA , manufactured by Honeywell International Inc . ) and 
As an example of the constitution of the lithium second the volume distribution was measured by a laser diffraction 

ary battery of the present invention , a battery using as the 65 method . From the obtained volume distribution , the particle 
cathode a formed product obtained in such a manner that a size distribution and the average particle size ( um ) were 
mixture of the lithium - nickel - manganese composite oxide of obtained . 
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< Measurement of Tap Density > TABLE 
2 g of the composite oxyhydroxide was filled in a 10 mL 

( milliliter ) glass measuring cylinder and tapped 200 times . Average Specific Average 
particle surface Tap valence The tap density ( g / cm ) was calculated from the weight and Exam - size area density Composition ( molar 

the volume after tapping . ple ( um ) ( m² / g ) ( g / cm3 ) ratio ) Ni : Mn : M1 : M2 metals 
< Measurement of Specific Surface Area > 1 . 2 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 3 . 0 Using a fluid specific surface area automatic measuring 8 . 3 31 1 . 1 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 2 . 9 
apparatus ( tradename : FlowSorb 3 - 2305 , manufactured by 1 . 1 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 

10 . 0 Micrometerics Instrument Corporation ) , 1 . 0 g of the com 1 . 5 3 . 0 0 . 24 : 0 . 76 : 0 . 00 : 0 . 00 
18 . 5 19 1 . 8 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 posite oxyhydroxide was pre - treated in a stream of nitrogen 7 . 4 1 . 7 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 

at 150° C . for 1 hour , and then the adsorption and desorption 15 . 5 1 . 9 0 . 23 : 0 . 77 : 0 . 00 : 0 . 00 3 . 0 
20 . 0 area was measured by a BET one point method , and divided 1 . 4 0 . 27 : 0 . 73 : 0 . 00 : 0 . 00 3 . 0 
15 . 2 1 . 6 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 3 . 0 by the weight to obtain the specific surface area ( mº / g ) . 18 . 2 1 . 6 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 3 . 0 

< Battery Performance Evaluation > 10 . 9 1 . 2 0 . 225 : 0 . 75 : 0 . 025 : 0 . 00 3 . 1 

The lithium - nickel - manganese composite oxide and a 0 . 91 0 . 225 : 0 . 725 : 0 . 025 : 0 . 025 3 . 0 
15 0 . 95 0 . 225 : 0 . 725 : 0 . 025 : 0 . 025 3 . 1 mixture ( tradename : TAB - 2 ) of polytetrafluoroethylene and 75 1 . 4 0 . 225 : 0 . 75 : 0 . 025 : 0 . 00 3 . 1 

acetylene black as an electrically conductive material were 
mixed in a weight ratio of 4 : 1 and formed into pellets on a 
mesh ( made of SUS316 ) under a pressure of 1 ton / cm² , 20 
which were vacuum dried at 150° C . to prepare a cathode for Example 2 
a battery . A slurry was obtained in the same manner as in Example The obtained cathode for a battery , an anode consisting of 1 except that oxygen was used as an oxidizing agent and a a metal lithium foil ( thickness : 0 . 2 mm ) , and an electrolytic 2 mol / L aqueous sodium hydroxide solution was intermit solution having lithium hexafluorophosphate dissolved at a 25 tently added to keep a pH of 8 . 5 . In the same manner as in concentration of 1 mol / cm in a mixed solvent of ethylene Example 1 , the obtained slurry was subject to filtration and carbonate and diethyl carbonate , were used to constitute a washed , and the resulting wet cake was dried to obtain a lithium secondary battery . The lithium secondary battery 
was charged and discharged at a constant current between a nickel - manganese composite oxyhydroxide 
battery voltage of 4 . 9 V and 3 . 0 V at room temperature for 30 ( N10 . 25M10 . 7500H ) . 

In an XRD pattern of the obtained nickel - manganese 30 cycles . The current density at the time of charge and 
discharge was 0 . 4 mA / cm² . composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad 

peak at 20 – 40° and more , and the like were observed , and 
Example 1 thus its crystal structure was confirmed to be a cadmium 

35 hydroxide structure having stacking fault . The results of 
Nickel sulfate and manganese sulfate were dissolved in measurement of the nickel - manganese composite oxyhy 

pure water to obtain an aqueous solution ( aqueous metal salt al salt droxide are shown in Table 1 . 
solution ) containing 1 . 5 mol / L ( liter ) of nickel sulfate and Example 3 0 . 5 mol / L of manganese sulfate . The total concentration of 40 
all the metals in the aqueous metal salt solution was 2 . 0 A slurry was obtained in the same manner as in Example 
mol / L . 1 except that a 15 wt % aqueous hydrogen peroxide solution 

Further , 200 g of pure water was put into a reaction ( supply rate : 0 . 34 g / min ) was used as the oxidizing agent . In 
container having an internal capacity of 1 L and heated to the same manner as in Example 1 , the obtained slurry was 
and maintained at 80° C . 45 subjected to filtration and washed , and the resulting wet cake 

The obtained aqueous metal salt solution was added to the was dried to obtain a nickel - manganese composite oxyhy 
reaction container at a supply rate of 0 . 28 g / min . Further , as droxide ( Nio . 25Mn0 , 750OH ) . 
an oxidizing agent , air was bubbled into the reaction con - In an XRD pattern of the obtained nickel - manganese 
tainer at a supply rate of 1 L / min . When the aqueous metal composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad 
salt solution and air were supplied , a 2 mol / L aqueous 50 peak at 20 = 40° and more , and the like were confirmed , and 
sodium hydroxide solution ( aqueous caustic soda solution ) thus its crystal structure was confirmed to be a cadmium 
was intermittently added to keep a pH of 10 to obtain a hydroxide structure having stacking fault . The results of 
mixed aqueous solution . In the mixed aqueous solution , a measurement of the nickel - manganese composite oxyhy 
nickel - manganese composite oxyhydroxide was precipi droxide are shown in Table 1 . 
tated , whereby a slurry was obtained . The obtained slurry Example 4 was subjected to filtration and washed with pure water , and 
the resulting wet cake was air - dried in the air for one week Nickel sulfate and manganese sulfate were dissolved in and then dried at 115º C . for 5 hours to obtain a nickel pure water to obtain an aqueous solution ( aqueous metal salt 
manganese composite oxyhydroxide ( N10 . 25 . 170 . 7500H ) . 60 solution ) containing 1 . 5 mol / L of nickel sulfate and 0 . 5 

In an XRD pattern of the obtained nickel - manganese mol / L of manganese sulfate ( the total concentration of all the 
composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad metals in the aqueous metal salt solution was 2 . 0 mol / L ) . 
peak at 20 = 40° and more , and the like were observed , and Further , 200 g of pure water was put into a reaction 
thus its crystal structure was confirmed to be a cadmium container having an internal capacity of 1 L and heated to 
hydroxide structure having stacking fault . The results of 65 and maintained at 80° C . 
measurement of the nickel - manganese composite oxyhy . The aqueous metal salt solution and a 1 . 0 mol / L ammo 
droxide are shown in Table 1 . nium sulfate solution were continuously added to the reac 
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tion container at a supply rate of 0 . 28 g / min . Further , as an The results of measurement of the nickel - manganese 
oxidizing agent , air was bubbled into the reaction container composite oxyhydroxide are shown in Table 1 . 
at a supply rate of 1 L / min . When the aqueous metal salt It was found from Table 1 that in Examples 1 to 6 , a 
solution and air were supplied , a 2 mol / L aqueous sodium nickel - manganese composite oxyhydroxide having a hex 
hydroxide solution ( aqueous caustic soda solution ) was 5 agonal cadmium hydroxide structure and having an average 
intermittently added to keep a pH of 9 to obtain a mixed valence of metals close to 3 was obtained . Further , in 
aqueous solution . In the obtained mixed aqueous solution , a Examples 1 to 6 , it was confirmed by XRD pattern analysis 
nickel - manganese composite oxyhydroxide was precipi - that no manganese oxide ( Mn 02 ) formed as a by - product . 
tated , and a slurry was obtained . The obtained slurry was 
subjected to filtration and washed with pure water , and the 10 Example 7 
resulting wet cake was air - dried in the air for one week , and 
then dried at 115° C . for 5 hours to obtain a nickel The nickel - manganese composite oxyhydroxide obtained 
manganese composite oxyhydroxide ( N10 . 24Mn0 , 7600H ) . in Example 4 and lithium carbonate ( lithium / transition metal 

In an XRD pattern of the obtained nickel - manganese 1 molar ratio : 0 . 52 ) were mixed by a Henschel mixer , fired in composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad 15 an air stream at 900° C . for 12 hours and then fired at 700° peak at 20 = 40° and more , and the like were observed , and C . for 48 hours to prepare a lithium - nickel - manganese 
thus its crystal structure was confirmed to be a cadmium composite oxide . From the results of chemical composition hydroxide structure having stacking fault . The results of analysis , the compositional formula is represented as measurement of the nickel - manganese composite oxyhy 
droxide are shown in Table 1 . 20 Li , NiMn 0 . 

Further , in an XRD pattern , superlattice peaks corre 
Example 5 sponding to the nickel - manganese ordered alignment were 

clearly observed as indicated by a plurality of arrows in FIG . 
Nickel sulfate and manganese sulfate were dissolved in 7 . 

pure water to obtain an aqueous solution ( aqueous metal salt 25 Then , the battery performance of the obtained lithium 
solution ) containing 1 . 5 mol / L ( liter ) of nickel sulfate and nickel - manganese composite oxide was evaluated . As a 
0 . 5 mol / L of manganese sulfate ( the total concentration of all result , it was found from a charge and discharge curve that 
the metals in the aqueous metal salt solution was 2 . 0 mol / L ) . the potential plateau in the vicinity of 4 V corresponding to 

Further , 200 g of pure water was put into a reaction Mn4 + / 3 + oxidation - reduction , was so low as a level of 2 
container having an internal capacity of 1 L and heated to 30 mAh / g , and the capacity in the vicinity of 5 V corresponding 
and maintained at 60° C . to Ni4 + / 3 + oxidation - reduction would not be impaired . 

The aqueous metal salt solution and a 0 . 25 mol / L ammo - Further a favorable charge and discharge cycle performance 
nium sulfate solution were continuously added to the reac was confirmed since no capacity decrease was observed to 
tion container at a supply rate of 0 . 28 g / min . Further , as an the 30th cycle . oxidizing agent , air was bubbled into the reaction container 35 
at a supply rate of 1 L / min . When the aqueous metal salt Example 8 
solution and air were supplied , a 2 mol / L aqueous sodium 
hydroxide solution ( aqueous caustic soda solution ) was The nickel - manganese composite oxyhydroxide obtained continuously added to keep a pH of 9 . 25 to obtain a mixed in Example 6 and lithium carbonate were mixed , fired in an aqueous solution . In the obtained mixed aqueous solution , a 40 air stream at 800° C . for 10 hours and then fired at 700° C . nickel - manganese composite oxyhydroxide was precipi for 48 hours to prepare a lithium - nickel - manganese com tated , and a slurry was continuously obtained from the lower 
part of the reaction container . The average retention time posite oxide . From the results of chemical composition 
was 15 hours . The obtained slurry was subjected to filtration and analysis , the compositional formula is represented as 
and washed with pure water , and the resulting wet cake was 45 L12NiMn3Og . 
air - dried in the air for one week , and then dried at 115º C . Further , in an XRD pattern , superlattice peaks corre 
for 5 hours to obtain a nickel - manganese composite oxyhy sponding to the nickel - manganese ordered alignment were 
droxide ( Nio 25Mn0 , 750OH ) . clearly observed as indicated by a plurality of arrows in FIG . 

In an XRD pattern of the obtained nickel - manganese 
composite oxyhydroxide , a sharp peak at 20 – 19 . 0° , a broad 50 Then , the battery performance of the obtained lithium 
peak at 20 = 40° and more , and the like were observed , and nickel - manganese composite oxide was evaluated . As a 
thus its crystal structure was confirmed to be a cadmium result , it was found from a charge and discharge curve that 
hydroxide structure having stacking fault . The results of the potential plateau in the vicinity of 4 V corresponding to 
measurement of the nickel - manganese composite oxyhy - Mn4 + / 3 + oxidation - reduction , was so low as a level of 2 
droxide are shown in Table 1 . 55 mAh / g , and the capacity in the vicinity of 5 V corresponding 

to Ni4 + / 3 + oxidation - reduction would not be impaired . 
Example 6 Further , a favorable charge and discharge cycle performance 

was confirmed since no capacity decrease was observed to 
A nickel - manganese composite oxyhydroxide the 30th cycle . 

( Nio 25Mn0 750OH ) was obtained in the same manner as in 60 
Example 5 except that the pH was 9 . 0 and the concentration Example 9 
of the ammonium sulfate solution was 0 . 5 mol / L . 

In an XRD pattern of the obtained nickel - manganese Nickel sulfate and manganese sulfate were dissolved in 
composite oxyhydroxide , a very sharp peak at 20 = 19 . 0° , a pure water to obtain an aqueous solution ( aqueous metal salt 
broad peak at 20 = 40° and more , and the like were observed , 65 solution ) containing 0 . 46 mol / L of nickel sulfate and 1 . 54 
and thus its crystal structure was confirmed to be a cadmium mol / L of manganese sulfate ( the total concentration of all the 
hydroxide structure having stacking fault . metals in the aqueous metal salt solution was 2 . 0 mol / L ) . 

8 . 



15 
US 10 , 122 , 016 B2 

16 
A nickel - manganese composite oxyhydroxide solution ) containing 1 . 5 mol / L of nickel sulfate and 0 . 5 

( Ni , 23Mno 7700H ) was obtained in the same manner as in mol / L of manganese sulfate ( the total concentration of all the 
Example 5 except for the above change of the composition metals in the aqueous metal salt solution was 2 . 0 mol / L ) . 
of the metal salts . Further , 200 g of pure water was put into a reaction 

In an XRD pattern of the obtained nickel - manganese 5 ' 5 container having an internal capacity of 1 L and heated to composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad and maintained at 70° C . peak at 20 = 40° and more , and the like were observed , and 
thus its crystal structure was confirmed to be a cadmium The aqueous metal salt solution and a 0 . 01 mol / L glycine 
hydroxide structure having stacking fault The results of solution were continuously added to the reaction container at 
measurement of the nickel - manganese composite oxyhy a supply rate of 0 . 28 g / min . Further , as an oxidizing agent , 
droxide are shown in Table 1 . air was bubbled into the reaction container at a supply rate 

of 1 L / min . When the aqueous metal salt solution and air Example 10 were supplied , a 2 mol / L aqueous sodium hydroxide solu 
tion ( aqueous caustic soda solution ) was continuously added 

Nickel sulfate and manganese sulfate were dissolved in to keep a pH of 9 . 25 to obtain a mixed aqueous solution . In pure water to obtain an aqueous solution ( aqueous metal salt 15 the obtained mixed aqueous solution , a nickel - manganese solution ) containing 0 . 54 mol / L of nickel sulfate and 1 . 46 
mol / L of manganese sulfate ( the total concentration of all the composite oxyhydroxide was precipitated , and a slurry was 
metals in the aqueous metal salt solution was 2 . 0 mol / L ) . continuously obtained from the lower part of the reaction 

A nickel - manganese composite oxyhydroxide container . The average retention time was 15 hours . The 
( Nio , 27 Mno . 730OH ) was obtained in the same manner as in 20 obtained slurry was subjected to filtration and washed with 
Example 5 except for the above change of the composition pure water , and the resulting wet cake was air - dried in the air 
of the metal salts . for one week , and then dried at 115º C . for 5 hours to obtain In an XRD pattern of the obtained nickel - manganese a nickel - manganese composite oxyhydroxide composite oxyhydroxide , a sharp peak at 20 = 19 . 0° , a broad ( Nio . 25Mn0 . 750OH ) . peak at 20 = 40° and more , and the like were observed , and 25 In an XRD pattern of the obtained nickel - manganese thus its crystal structure was confirmed to be a cadmium composite oxyhydroxide , a sharp peak at 20 – 19 . 0° , a broad hydroxide structure having stacking fault . The results of peak at 20 = 40° and more , and the like were observed , and measurement of the nickel - manganese composite oxyhy 
droxide are shown in Table 1 . thus its crystal structure was confirmed to be a cadmium 

hydroxide structure having stacking fault . The results of 
Example 11 30 measurement of the nickel - manganese composite oxyhy 

droxide are shown in Table 1 . 
Nickel sulfate and manganese sulfate were dissolved in 

pure water to obtain an aqueous solution ( aqueous metal salt Example 13 
solution ) containing 1 . 5 mol / L of nickel sulfate and 0 . 5 
mol / L of manganese sulfate ( the total concentration of all the 35 Magnesium sulfate , nickel sulfate and manganese sulfate 
metals in the aqueous metal salt solution was 2 . 0 mol / L ) . were dissolved in pure water to obtain an aqueous solution 

Further , 200 g of pure water was put into a reaction ( aqueous metal salt solution ) containing 0 . 05 mol / L of 
container having an internal capacity of 1 L and heated to magnesium sulfate , 0 . 45 mol / L of nickel sulfate and 1 . 5 
and maintained at 60° C . mol / L of manganese sulfate ( the total concentration of all the 

The aqueous metal salt solution and a 0 . 1 mol / L glycine 40 metals in the aqueous metal salt solution was 2 . 0 mol / L ) . 
solution were continuously added to the reaction container at Further , 200 g of pure water was put into a reaction 
a supply rate of 0 . 28 g / min . Further , as an oxidizing agent , container having an internal capacity of 1 L , and heated to 
air was bubbled into the reaction container at a supply rate into the reaction container at a supply rate and maintained at 80° C . 
of 1 L / min . When the aqueous metal salt solution and air Then , the obtained aqueous metal salt solution and a 0 . 25 were supplied , a 2 mol / L aqueous sodium hydroxide solu 45 mol / L ammonium sulfate solution were added to the reaction tion ( aqueous caustic soda solution ) was continuously added 
to keep a pH of 8 . 75 to obtain a mixed aqueous solution . In container at a supply rate of 0 . 28 g / min . Further , as an 

oxidizing agent , air was bubbled into the reaction container the obtained mixed aqueous solution , a nickel - manganese 
composite oxyhydroxide was precipitated , and a slurry was at a supply rate of 1 L / min . When the aqueous metal salt 
continuously obtained from the lower part of the reaction solution and air were supplied , a 2 mol / L aqueous sodium 
container . The average retention time was 15 hours . The 50 hydroxide solution ( aqueous caustic soda solution ) was 
obtained slurry was subjected to filtration and washed with intermittently added to keep a pH of 9 . 25 to obtain a mixed 
pure water , and the resulting wet cake was air - dried in the air aqueous solution . In the mixed aqueous solution , a nickel 
for one week , and then dried at 115º C . for 5 hours to obtain manganese composite oxyhydroxide was precipitated , and a 
a nickel - manganese composite oxyhydroxide slurry was obtained . The obtained slurry was subjected to 
( Ni0 . 25Mn0 . 750OH ) . 55 filtration and washed with pure water , and the resulting wet 

In an XRD pattern of the obtained nickel - manganese cake was air - dried in the air for one week , and then dried at 
composite oxyhydroxide , a sharp peak at 20 – 19 . 0° , a broad 115° C . for 5 hours to obtain a magnesium - substituted 
peak at 20 = 40° and more , and the like were observed , and nickel - manganese composite oxyhydroxide 
thus its crystal structure was confirmed to be a cadmium ( Nio . 225Mg0 . 025Mn0 . 750OH ) . 
hydroxide structure having stacking fault . The results of 60 In an XRD pattern of the obtained magnesium - substituted 
measurement of the nickel - manganese composite oxyhy - nickel - manganese composite oxyhydroxide , a sharp peak at 
droxide are shown in Table 1 . 20 = 19 . 0° , a broad peak at 20 = 40° and more , and the like 

were observed , and thus its crystal structure was confirmed 
Example 12 to be a cadmium hydroxide structure having stacking fault . 

65 The results of measurement of the magnesium - substituted 
Nickel sulfate and manganese sulfate were dissolved in nickel - manganese composite oxyhydroxide are shown in 

pure water to obtain an aqueous solution ( aqueous metal salt Table 1 . 
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Example 14 Further , in Examples 9 to 14 , it was confirmed by XRD 
pattern analysis that no manganese oxide ( Mn202 ) formed 

An iron - substituted nickel - manganese composite oxyhy - as a by - product . 
droxide [ Ni0 . 225Feo . o5Mn0 , 72500H Comparative Example 1 ( Ni . . 225Fe0 . 025Mn0 . 725F20 . 02500H ) ] was obtained in the 5 
same manner as in Example 13 except that iron sulfate , A slurry was obtained in the same manner as in Example 
nickel sulfate and manganese sulfate were dissolved in pure 2 except that the pH was 7 . 
water to prepare an aqueous solution ( aqueous metal salt In the same manner as in Example 2 , the obtained slurry 
solution ) containing 0 . 10 mol / L of iron sulfate , 0 . 45 mol / L was subjected to filtration and washed , and the resulting wet 
nickel sulfate and 1 . 45 mol / L of manganese sulfate ( the total ? cake was dried to obtain a nickel - manganese composite 
concentration of all the metals in the aqueous metal salt compound . 
solution was 2 . 0 mol / L ) . The obtained nickel - manganese composite compound 

In an XRD pattern of the obtained iron - substituted nickel - was found to be in a mixed phase of a spinel oxide and an 
manganese composite oxyhydroxide , a sharp peak at a - Ni ( OH ) 2 type hydroxide by its XRD pattern . The results 

15 of measurement of the nickel - manganese composite com 20 = 19 . 0° , a broad peak at 20 = 40° and more , and the like pound are shown in Table 2 . were observed , and thus its crystal structure was confirmed 
to be a cadmium hydroxide structure having stacking fault . TABLE 2 The results of measurement of the iron - substituted nickel 
manganese composite oxyhydroxide are shown in Table 1 . 20 Average Average 

particle valence 
Example 15 Comparative size Composition ( molar of 

Example ( um ) ratio ) Ni : Mn : M1 : M2 metals 

2 . 6 
?? ?? ?? 2 . 8 

A cobalt - substituted nickel - manganese composite oxyhy 2 . 5 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 
0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 3 . 0 droxide [ Ni0 . 225C00 . 05Mn0 . 7250OH 25 11 0 . 25 : 0 . 75 : 0 . 00 : 0 . 00 3 . 3 

( Nio . 225CO0 . 025Mn0 . 725CO0 . 025OOH ) ] was obtained in the 
same manner as in Example 13 except that cobalt sulfate , 
nickel sulfate and manganese sulfate were dissolved in pure Comparative Example 2 water to prepare an aqueous solution ( aqueous metal salt 
solution ) containing 0 . 10 mol / L of cobalt sulfate , 0 . 45 mol / L30 A slurry was obtained in the same manner as in Example 
nickel sulfate and 1 . 45 mol / L of manganese sulfate ( the total 1 except that the pH was 11 . 
concentration of all the metals in the aqueous metal salt In the same manner as in Example 1 , the obtained slurry 
solution was 2 . 0 mol / L ) . was subjected to filtration and washed , and the resulting wet 

In an XRD pattern of the obtained cobalt - substituted of the obtained cobalt - substituted cake was dried to obtain a nickel - manganese composite 
nickel - manganese composite oxyhydroxide , a sharp peak at + 35 compound . 
20 = 19 . 0° , a broad peak at 20 = 40° and more , and the like The obtained nickel - manganese composite compound 

was found to be in a mixed phase of a cadmium hydroxide were observed , and thus its crystal structure was confirmed type oxyhydroxide and a spinel oxide from its XRD pattern . to be a cadmium hydroxide structure having stacking fault . The results of measurement of the nickel - manganese com 
The results of measurement of the cobalt - substituted 40 posite compound are shown in Table 2 . 

nickel - manganese composite oxyhydroxide are shown in 
Table 1 . Comparative Example 3 

Example 16 A slurry was obtained in the same manner as in Example 
45 1 except that a 30 wt % aqueous sodium persulfate solution 

A copper - substituted nickel - manganese composite oxy - ( supply rate : 0 . 28 g / min ) was used as the oxidizing agent . 
hydroxide ( Ni . - - - Cu - Mn . - OOH ) was obtained in the In the same manner as in Example 1 , the obtained slurry 

was subjected to filtration and washed , and the resulting wet same manner as in Example 13 except that copper sulfate , cake was dried to obtain a nickel - manganese composite nickel sulfate and manganese sulfate were dissolved in pure compound . water to prepare an aqueous solution ( aqueous metal salt 50 In an XRD pattern of the obtained nickel - manganese solution ) containing 0 . 05 mol / L of copper sulfate , 0 . 45 composite compound , peak positions are different from 
mol / L nickel sulfate and 1 . 5 mol / L of manganese sulfate ( the those of a cadmium hydroxide type oxyhydroxide , and all total concentration of all the metals in the aqueous metal salt the peaks are broad patterns considered to be peaks of a 
solution was 2 . 0 mol / L ) . layered compound . 

In an XRD pattern of the obtained copper - substituted 55 The results of measurement of the nickel - manganese 
nickel - manganese composite oxyhydroxide , a sharp peak at composite compound are shown in Table 2 . 
20 = 19 . 0° , a broad peak at 20 = 40° and more , and the like As evident from Table 2 , no single crystal phase of an 
were observed , and thus its crystal structure was confirmed oxyhydroxide having a cadmium hydroxide structure could 
to be a cadmium hydroxide structure having stacking fault . be obtained by a reaction using an oxygen - containing gas at 

The results of measurement of the copper - substituted 60 a pH of 7 or 11 or by a reaction using as the oxidizing agent 
nickel - manganese composite oxyhydroxide are shown in sodium persulfate , not an oxygen - containing gas or hydro 
Table 1 . gen peroxide . 

It was found from Table 1 that in Examples 9 to 14 , a 
nickel - manganese composite oxyhydroxide or a specific INDUSTRIAL APPLICABILITY 
metal - substituted nickel - manganese composite oxyhydrox - 65 
ide having a hexagonal cadmium hydroxide structure and The nickel - manganese composite oxyhydroxide of the 
having an average valence of metals close to 3 was obtained . present invention may be used as a precursor of a lithium 
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nickel - manganese composite oxide used for e . g . a cathode 4 . The nickel - manganese composite oxyhydroxide 
active material of a lithium secondary battery , and the according to claim 1 , which has an average particle size of 
lithium - nickel - manganese composite oxide may be used as from 5 to 20 um . 
a cathode material for a battery to constitute a high perfor - 5 . A method for producing the nickel - manganese com 
mance lithium secondary battery . 5 posite oxyhydroxide as defined in claim 1 , which comprises 

The entire disclosures of Japanese Patent Application No . mixing the following aqueous metal salt solution , an aque 
2013 - 149435 filed on Jul . 18 , 2013 and Japanese Patent ous caustic soda solution and the following oxidizing agent 
Application No . 2013 - 249314 filed on Dec . 2 , 2013 includ at a pH of from 8 . 5 to 10 to obtain a mixed aqueous solution 
ing specifications , claims , drawings and summaries are and precipitating the nickel - manganese composite oxyhy 
incorporated herein by reference in their entireties . 10 droxide in the mixed aqueous solution : 

The invention claimed is : aqueous metal salt solution : an aqueous metal salt solu 
1 . A nickel - manganese composite oxyhydroxide having a tion containing nickel and manganese or an aqueous 

metal salt solution containing nickel and manganese chemical compositional formula represented by 
Ni ( 0 . 25 + a ) - M1 Mn ( 0 . 75 - a ) - , M2 , 00H wherein each of M1 and further containing at least one member selected 
and M2 which are independent of each other , is at least one from the group consisting of Mg , Al , Ti , V , Cr , Fe , Co , 
member selected from the group consisting of Mg , A1 , TI , V , Cu , Zn and Zr ; 
Cr , Fe , Co , Cu , Zn and Zr , Osxs0 . 1 , Osys0 . 25 , and oxidizing agent : an oxygen - containing gas or an aqueous 
- 0 . 025sas0 . 025 , and having a hexagonal cadmium hydrox hydrogen peroxide solution . 
ide type crystal structure . 6 . The production method according to claim 5 , wherein 

2 . The nickel - manganese composite oxyhydroxide 20 a complexing agent is further added . 
according to claim 1 , wherein a is 0 . 7 . The production method according to claim 6 , wherein 

3 . The nickel - manganese composite oxyhydroxide e the complexing agent is ammonia , an ammonium salt or an 
according to claim 1 , wherein the average valence of Ni , amino acid . 
Mn , M1 and M2 is from 2 . 8 to 3 . 1 . 

m 

* * * * * 


